By experimentally limiting the amount of receptor molecules available in a postsynaptic neuron in Drosophila, it has been shown that receptors can preferentially cluster opposite active zones with a high release probability. This asymmetry in receptor distribution can alter the apparent probability and calcium-dependence of neurotransmiitter release. 
Neuronal synapses are characterized by structural specializations of both the sending (presynaptic) cell and the receiving (postsynaptic) cell. These structures concentrate neurotransmitter release machinery and neurotransmitter receptor complexes in close apposition to one another. The nature of fast chemical transmission requires such geometry for optimum signaling. In mammalian and invertebrate systems, neuronal activity can influence receptor clustering, but the exact mechanics are not clear. A new study by Marrus and DiAntonio [1] , published in this issue of Current Biology, suggests that the activity-dependence of clustering of glutamate receptors at the Drosophila larval neuromuscular junction is manifested at the subsynaptic level. These results put important new constraints on potential models of receptor aggregation and have implications for synaptic plasticity.
Initial contact between presynaptic and postsynaptic elements during development is controlled by a complex array of secreted and membrane-bound signaling molecules. Each neuron innervating a third instar Drosophila larval body wall muscle eventually makes a number of contacts -between 10 and 100 depending on the muscle and neuron type -with its target muscle. Like a mammalian central neuron [2] , each of these varicosities, called boutons, contains multiple release sites that are characterized by active zone structures and accumulations of vesicles [3] . Glutamate receptors cluster in the muscle membrane directly opposite these presynaptic structures.
Active zones vary both morphologically, in the area occupied on the bouton membrane, and functionally, in the probability with which they support vesicle fusion. At a mammalian central synapse these properties are correlated: larger active zones have a higher probability of release [4] . The existence of multiple active zones in every bouton implies that, when a presynaptic process contacts a target, the localization of postsynaptic receptors to the synaptic region is not enoughreceptors must also exercise a finer level discrimination and choose among the multiple active zones that are offered to them on a single varicosity.
Receptor clustering is believed to be activitydependent. At a vertebrate central synapse, activitydependent clustering of glutamate receptors is accomplished by the regulated insertion of receptors into a dynamic postsynaptic scaffold [5] . Glutamate participates as a signal, although other secreted proteins may be involved, such as Narp and NP1 which facilitate aggregation [6] . The clustering of glutamate receptors (DGluRs) at the neuromuscular junction in Drosophila depends on electrical activity [7] and glutamate [8] . The molecules that make up the scaffold that anchors the receptors are not known; the multifunctional, postsynaptic scaffolding protein Dlg is not required for clustering of DGluRII molecules [9] and the Drosophila yeast two-hybrid map has provided no candidate interaction partners for DGluRIIA, DGluRIIB or DGluRIII (http://portal.curagen.com/cgi-bin/interaction/flyHome.pl).
Although glutamate is required for receptor clustering, whether it is released from vesicles [10] or by a nonvesicular mechanism [8] is controversial [11] . In mutants in which evoked vesicular release is blocked, but spontaneous release is intact, receptors cluster normally [10] . In mutants in which spontaneous release is also crippled, few clustered glutamate receptors are seen, leading to the postulate that spontaneous release is required for initiation of clustering at active zones. The idea that single vesicle events which produce fast, high concentration glutamate pulses can direct clustering is appealing. Non-vesicular release of low levels of glutamate in a less spatially restricted manner might serve as a secondary signal to sculpt the borders of clusters. No definitive experimental resolution of this controversy has yet been achieved.
The study by Marrus and DiAntonio [1] provides important information that bears on this issue. These investigators isolated a severe hypomorphic mutation in the DGluRIII gene that results in greatly reduced glutamate receptor levels [12] . When visualizing the few remaining receptors in this mutant, they observed that receptors were not uniformly distributed; some active zones had a high level of associated immunoreactivity, but many had no directly apposed receptor molecules. This was seen clearly when the cumulative distribution of wild-type DGluRII puncta intensities, scaled to the average mutant value, was compared to the distribution of mutant puncta. Under conditions of limiting receptor, the choice of which active zone to which a receptor adheres is not random.
What attributes of an active zone make it attractive to glutamate receptors? Double staining for an active zone marker and DGluRIII revealed that the most intense DGluRIII puncta were found apposed to the largest active zones (Figure 1) . In mammals, the size of an active zone correlates with an increased probability of neurotransmitter release. To determine if this is true at the Drosophila neuromuscular junction, Marrus and DiAntonio [1] examined evoked release in low and high calcium. They reasoned that, in low calcium, only high probability sites would show neurotransmitter release in muscle recordings, but in high calcium, both high and low probability sites would be sampled. If receptor molecules cluster preferentially at high probability release sites in the mutant, the discrepancy between the amplitude of evoked currents in wild-type and mutant animals would be smaller at lower calcium. This is exactly what they found: at low calcium, the evoked currents in the mutant were equivalent to those in the wild-type; as the calcium concentration increased, at mutant neuro-muscular junctions the evoked current amplitude plateaued, while in the wild type it increased (Figure 1) .
There was, of course, a fly in the ointment. The Drosophila neuromuscular junction is notoriously plastic. Although, in low calcium, the evoked response was the same in mutant and wild type, the amplitude of responses to spontaneous release events in the mutant was decreased by a factor of 2.5. This implied that there must be a further change in presynaptic function, in addition to the redistribution of receptor molecules, to allow the mutant to achieve normal evoked neurotransmitter release. This raised the possibility that, if compensation involved the up-regulation of neurotransmitter release, the failure of the mutant to track wild-type response amplitudes at high calcium might simply reflect saturation of the process.
To test this, Marrus and DiAntonio [1] used an assay for release that is independent of receptor function. Stimulation of the presynaptic terminal in the presence of Bafilomycin A1, which poisons the proton pump essential for vesicle reloading, allows activity-dependent depletion of the vesicle pool. The rate at which the postsynaptic response decreases is therefore a function of the percentage of transmitter that is released with each stimulus. Although absolute response levels are different in mutant and wild-type, the percentage decline is independent of the amplitude of the postsynaptic response. As would be expected, the rate of depletion of transmitter was enhanced by stimulation at higher calcium. The time constants and rates of rundown in the mutant were very similar to wild type at both high and low calcium. This implies that there is no saturation of release in high calcium in the mutant. Additional release is simply not effective in increasing synaptic current, because the sites that are recruited by high calcium have no apposed receptor (Figure 1) .
These experiments support the idea that vesicular release is an important driver of receptor clustering. The ability of receptor molecules to choose large, high probability release sites over smaller sites on the same bouton argues that release matters. It is formally possible that the size of active zones correlates with increased local non-vesicular release. Experiments looking at the effect of mutations that disrupt spontaneous release on the asymmetry of receptor distribution in the DGluRIII mutant would address this issue.
A second important message of this work is that sometimes postsynaptic changes can masquerade as presynaptic compensations. In the DGluRIII mutant, an alteration of receptor distribution to high probability release sites caused an apparent increase in quantal content over what would be expected with that level of receptor. Redistribution also altered the apparent calcium sensitivity of release, causing maximal responses in the mutant at lower calcium. These would normally be interpreted as a purely presynaptic effect. It will be interesting to see if receptor redistribution contributes to compensation in other situations. A single synaptic contact can have multiple neurotransmitter release sites. These release sites are heterogeneous in size and release probability. The larger active zones (here depicted with a heavier line) are believed to have a higher probability of neurotransmitter release. Stimulation in low external calcium will elicit release only from high probability release sites. The response measured in the muscle will consist of a summation of the responses of the postsynaptic receptors opposite only these active zones. The response from wild-type (left) and DGluRIII mutant (right) flies will be roughly equivalent, as in the mutant the high probability release sites are coupled to receptor clusters. In high calcium in both genotypes, low and high probability sites will release neurotransmitter. Under these conditions, the muscle response measured in wild type will be much greater, because both low and high probability release sites have receptor clusters apposed to them. In the DGluRIII fly, the postsynaptic response is smaller, as the low probability release sites have no postsynaptic receptor clusters facing them.
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